Objectives: To estimate the prevalence of different categories of average volume of alcohol consumption for World Health Organization (WHO) regions. To check how the monitored indicator of average volume relates to prevalence of alcohol dependence. To discuss conclusions for establishing a global monitoring system.
In a recent editorial of this journal, Morabia and Abel (2001) underlined the necessity to provide the basis for international comparisons of health determinants. Their arguments tie in with the current efforts of World Health Organization (WHO) to establish a global monitoring system of risk factors for chronic disease and to try to comparatively evaluate the impact of risk factors (for further informa-tion on the comparative risk analysis -CRA 2000 -, see http://www.ctru.auckland.ac.nz/CRA/main.html). Consumption of alcohol is one of the major health determinants (National Institute on Alcohol Abuse and Alcoholism 2000), related in different ways to more than 60 ICD (International Statistical Classification of Diseases and Related Health Problems) categories (see Gutjahr et al. 2001) . Alcohol has been included as one of 10 risk factors in the original Global Burden of Disease (GBD) Study (Murray & Lopez 1996; Murray & Lopez 1997) where the beneficial effects had been subtracted from the detrimental effects to come up with a net burden. Using this procedure, the disease burden attributable to alcohol (3.5 % of total disability adjusted life years -DALYs) was estimated higher than the disease burden of tobacco (2.6%) (Murray & Lopez 1997) . Given this impact, it is no surprise that alcohol consumption has been monitored regularly by the World Health Organization (1999) . In addition, another UN organization, the Food and Agriculture Organization, and the alcohol industry (e.g., Productschap voor Gedistilleerde Dranken 2000), regularly monitor alcohol production and sales, albeit for different reasons. The purpose of this contribution is to combine these and other data sources to estimate prevalence of different categories of consumption and dependence in different parts of the world. It is based on previous efforts described in detail elsewhere (Rehm & Gruel 2001) . Specifically the paper has three main objectives: -To estimate prevalence of different categories of average volume of alcohol consumption for WHO regions. -To check how the monitored indicator of average volume related to prevalence of alcohol dependence. --To discuss conclusions for establishing a global monitoring system.
Methods

Dimensions of alcohol consumption
Alcohol as a risk factor has different dimensions, which are relevant for health. Two main dimensions have been identified as minimally necessary: average volume of consumption and drinking patterns (Rehm et al. 1996; Dawson 2000; Rehm et al. 2001b) . Unfortunately, most health surveys concentrate on average volume only. Thus, population survey information around the world is almost exclusively available for average volume only and patterns of drinking still have to be assessed using other methods (see Rehm et al. 2001b; Gruel et al. 2001) . As a result, this paper concentrates on average volume of alcohol consumption.
Classifying average volume of alcohol consumption
Average volume of alcohol consumption, as many other health determinants (e.g., Murray & Lopez 1999 ) is a continuous variable. However, based on epidemiological tradition, recta-analytical overviews on relationships between average volume and disease outcomes have been using the following categories (Gutjahr et al. 2001; English et al. 1995; Single et al. 1999; Gutjahr & Gruel 2001) ; for a discussion of origin of these categories see (English et al. 1995; Holman et al. 1996) Lausanne, Switzerland) . The term "unrecorded consumption" refers to data that are not reflected in official sales and production of alcohol statistics such as homebrew or illegally produced alcohol. However, such consumption can be estimated either from surveys or indirectly from raw products that can be used to produce alcohol (Rehm et al. 2001a; Rehm et al. 2001b ). Surveys were also collected from this data bank, but additional surveys were accessed based on individual contacts and by announcing the CRA on a specific WHO listserve (Rehm et al. 2001a) . The procedure to decide in cases where there was more than one source of information for surveys andper capita data is described in detail elsewhere (Rehm et al. 2001a ). Basically, information was pooled once the criteria for quality like representativeness, large sample size, etc. were all fulfilled.
Regions used
The 
Strategy to triangulate different sources of information on average volume of alcohol consumption
The global burden of disease framework requires a disaggregated approach that involves estimating the burden separately by sex, age, and regions. Clearly, per capita per se cannot be used at it is not specific for sex and age. On the other hand, survey data is problematic for a number of reasons. First, survey data is globally not available. But even if it were available, it has important limitations due to both subjective tendencies of underreporting and to sampling. As moderate consumption is the norm in many countries, especially in Western established market economies, people often tend to underreport their consumption, e.g., by not including or downsizing heavy consumption occasions. As a result, most surveys there tend to cover only 50%-70% of the sales or production figures (Midanik 1988; Midanik & Harford 1994; Rehm 1998) . This is not uniformly so. Interestingly, there are indications that the recent changes in norms in Great Britain resulted in higher coverage rates, although there may be other reasons for this (Leifman 2002) . Also, in countries, where heavy drinking occasions and abstinence are the norm rather than the exception, over-coverage has been reported (e.g. Mexico, see Rehm et al. 2001a) . Still these are exceptions and under-coverage is very frequent and thus, in some countries taking surveys as a basis, would result in only half of the consumption being recognised. Descriptions of alcohol consumption would be grossly underestimating actual drinking behaviour and the impact of alcohol would be severely underestimated. At this point, it should be noted that household-based sampling strategies also show underestimations of consumption, as groups not covered (e. g., hospitalised, homeless) have on average higher consumption. Thus, to accurately describe actual behaviour, survey data have to be corrected by other sources. And the best and most reliable alternative source of information in this respect are per capita data (see Rehm et al. 2001a , for a discussion on reliability of different forms of per capita data). Using per capita consumption data from production and sales plus unrecorded consumption as the first estimate of overall alcohol consumption, the following strategy was adopted to generate sex-age-specific prevalence rates for the WHO regions: -Firstly, for each WHO region the average per capita consumption including unrecorded consumption for the population 15 and above was estimated as a populationweighted average of country-specific per capita consumption data. The weights were derived from the average population over age 15 in each country for all years after 1995 on the basis of UN population data. Country-specific per capita data were estimated for 131 countries.
-Secondly, country-specific survey data of the ratio of male/female consumption were used to proportionally allocate the overall per capita consumption into male and female per capita consumption. This assumes that there are no country-specific gender biases in reporting within one region. Such an assumption may be problematic for regions with many countries with different cultures, e.g., Afr D with both Moslem and non-Moslem regions. -Thirdly, again based on surveys, the age-specific prevalence of drinking was calculated under the assumptions that the average per capita consumption and the proportions of male and female abstainers were correct. It should be noted that survey information on abstention was available for 63 countries, including almost all of the countries with populations larger than 100 million. This means that about 50 % of the countries for which data were available on per capita consumption also had available survey data.
Range of estimates and uncertainty analysis
Uncertainty analysis is undertaken to give an indication on the variability of the estimated data (for a detailed description of procedures see Rehm et al. 2001a ). Classically, confidence intervals on prevalence are determined by sample size, assuming that the underlying individual data are representative for the region. However, for some regions we do not have probabilistic samples. As alcohol consumption is a social activity and can vary markedly from one country to another within a region, one cannot automatically assume that the countries without surveys would have the same alcohol distribution as the countries with surveys. Thus, the procedure based on sample size cannot be used for calculating a range around the point estimates of prevalence. Moreover, prevalence was derived both from aggregate (per capita consumption) and from individual level data in a triangulation of information, for which there is no statistical theory to derive confidence intervals. The algorithms specified below were developed after intensive discussions with experts from the field. They are intended to reflect the quantity and quality of the underlying b In g pure alcohol per day. c If there was a survey with a probability sample in a country, the whole population of this country was seen as covered by surveys. The final proportion was calculated by the population (age 1 5 years and above) covered by surveys, divided by the total population (age 1 5 and above) for the respective region.
Please note that average volume of alcohol consumption and alcohol dependence were derived from non-overlapping datasets with different indicators and thus are statistically independent.
Results
Appendix 1 shows the main results for all WHO regions, separate by sex and age. It is interesting that huge differences in overall drinking persisted for the turn of the century, even though the general trend over the past decade was an increase in developing nations and a decrease in established market economies, which leads to a more similar level of average consumption (e. g., World Health Organization 1999). In addition, there are marked differences in the distribution between the drinking categories. Also, the ratio in volume of alcohol consumed between males and females varies dramatically. On a country level, there are extremes like China with a ratio of 16:1 (Wei et al. 1999) on the one side (i.e., males consume 16 times more alcohol than females) and 3:1 in established market economies such as EU countries (Simpura & Karlsson 2001) . On a regional level there are the same differences with some of the estimates for regions with very low average volume of alcohol consumption being higher than for China (see Tab. 1).
To give a first estimate on how closely the average volume of alcohol consumption is related to one health outcome, the relationship between this variable and prevalence of alcohol dependence was assessed. Both variables co-vary to a con- siderable degree (Pearson's r = 0.86). If dependence is predicted from average volume of consumption on the regional level, about 74% of the variation in prevalence of dependence can be predicted (see Fig. 1 ). As can be seen in Figure  1 , the American regions tend to have higher than predicted dependence rates, whereas the European regions except Euro C (Russia) have lower than predicted dependence rate for males. For females, few of the regions fall outside the 95 % confidence interval around the linear regression line, with North America (Amr A) being the most notable exception. Thus, if this relationship holds for countries or provinces/ states within countries, monitoring average volume would be helpful in predicting dependence and planning health care facilities for this diagnosis. Aetiologically, dependence is related to heavy and uncontrolled drinking. On the other hand, per capita consumption depends very heavily on heavy drinkers as in most societies. In Switzerland, for instance, 11% of the adults are responsible for 50% of the overall consumption (Schweizerische Fachstelle ft~r Alkohol-und andere Drogenprobleme 1999). In the US, the proportion responsible for half of the consumption is even less, and 20 % of the adults drink about 90 % of the total amount of alcohol consumed (Greenfield & Rogers 1999) .
To give an example outside of established market economies: in China, 12.5 % of the drinkers consumed 60 % of all alcohol consumed (Wei et al. 1999 ). Thus, a strong relationship between average volume of alcohol consumption and prevalence of alcohol dependence was theoretically expected. 
Conclusions
It was shown that there is sufficient information to estimate average volume of alcohol consumption in different categories separate by sex and age for all regions of the world for the late 1990s. However, information became scarce in some regions of the world, notably in Muslim countries in North Africa, the Mid-East and the Far East (see Tab. 1). Also for the former socialist economies of Europe (Eur B), there is not enough recent information. As alcohol consumption is closely related to detrimental health outcomes, it should be monitored globally. Surveys should play an important part of this monitoring, but, as argued before, surveys alone are not enough. Subjective norms and usual sampling techniques lead to marked biases in estimating average consumption by surveys alone. As a result the estimates should be cross-validated with sales and production statistics. As production and sales figures are available on a global level, their inclusion in a continuous monitoring of average volume of alcohol consumption seems possible. The quality of underlying surveys varied, and it would help in the future, if common standards of assessment were established (Rehm 1998; Dawson & Room 2000) . In addition, even though average volume of consumption is closely linked to many diseases (Gutjahr et al. 2001; English et al. 1995; Single et al. 1999; Gutjahr & Gmel 2001) , the links of this indicator to important other health outcomes are less pronounced. The beneficial effect of alcohol consumption on CHD for example depends on certain patterns of regular and moderate drinking (Puddey et al. 1999) , which means that the same amount consumed in different ways results in different outcomes for CHD. The same is true for the large area of injuries, which is responsible for a large proportion of the disease burden attributable to alcohol (e. g., Murray & Lopez 1996; English et al. 1995; Single et al. 1999; Gutjahr & Gmel 2001) . Thus, monitoring average volume of alcohol consumption is not enough. As a consequence, surveys including questions on average volume of alcohol consumption only should be enlarged to include measures for patterns of drinking, especially heavy drinking occasions. If questions on average volume and heavy drinking occasions were to be established as a minimal standard for assessing alcohol in health surveys, future monitoring of this health determinant could be even more helpful in shaping health policy (see World Health Organization 2000 a for a more thorough discussion on alcohol monitoring). English D, Holman D, Milne E, et al. (1992) . The quantification of drug caused morbidity and mortality in Australia. Canberra: Commonwealth Department of Human Services, 1995 . Gmel G, Rehm J, Frick U (2001 . Methodological approaches to conducting pooled cross-sectional time series analysis: the example of the EU states. Eur Addict Res 7: 128-37.
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